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Abstract. The ASK instrument (Auroral Structure and Ki-
netics) is a narrow ﬁeld auroral imager, providing simul-
taneous images of aurora in three different spectral bands
at multiple frames per second resolution. The three emis-
sion species studied are O+
2 (5620 ˚ A), O+ (7319 ˚ A) and O
(7774 ˚ A). ASK was installed and operated for the ﬁrst time
in an observational campaign on Svalbard, from December
2005 to March 2006. The measurements were supported by
data from the Spectrographic Imaging Facility (SIF). The re-
lation between the morphology and dynamics of the visible
aurora and its spectral characteristics is studied for selected
events from this period. In these events it is found that dy-
namic aurora is coupled to high energy electron precipita-
tion. By studying the O+
2 /O intensity ratio we ﬁnd that some
auroral ﬁlaments are caused by higher energy precipitation
within regions of lower energy precipitation, whereas other
ﬁlaments are the result of a higher particle ﬂux compared to
the surroundings.
Keywords. Ionosphere (Auroral ionosphere; Particle pre-
cipitation; Instruments and techniques)
1 Introduction
The energy distributions of precipitating electrons within dy-
namic small scale structures of the aurora provide the key to
understanding the acceleration mechanisms that are operat-
ing above the ionosphere. Information about these energies
and their variation in space and time can be obtained from
the spectral signatures of the auroral emissions. Simultane-
ous imaging in different wavelength regions at high time res-
olution can be used to investigate the relationship between
incoming electron energy ﬂux and spatial structure within
auroral forms (Semeter et al., 2001).
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One method for obtaining estimates of the energies of pre-
cipitating electrons is from the ratios of emissions in differ-
ent spectrallines (Kaila,1989;Semeter,2003, andreferences
therein). Ivchenko et al. (2004) used imaging, spectral and
incoherent scatter data to show that the presence of low en-
ergy electron precipitation results in an enhancement in the
O+(4P−4D0) multiplet compared to the N+
2 1N(0,2) bands.
This O+ enhancement was also shown to be linked with the
presence of rayed arcs. Ivchenko et al. (2005) presented a
study in which an auroral curl was shown to lack low energy
precipitation, while rayed structures contained both high and
low energy precipitating ﬂux. These studies strongly sug-
gest that there can be physical differences in the generation
mechanisms resulting in auroral curls and rays. This is a
different interpretation from that of earlier studies which ex-
plained rays as curls or folds seen from the side (Paschmann
et al., 2003).
It has been suggested that curls are the result of an
electrostatic instability within the electron acceleration re-
gion (Wagner et al., 1983; Vogt et al., 1999), while ﬁne-
scale structure is linked to highly energy-dispersed electron
bursts accelerated by inertial Alfv´ en waves (Stasiewicz et al.,
2000). This interpretation is supported by a study by Halli-
nan et al. (2001), which combined optical and in situ rocket
measurements to show that Alfv´ en waves appeared to be ac-
celerated electrons dispersively in the region above tall auro-
ral rays. The waves were also present above a curled arc, but
here they appeared more of a passive indicator of a Kelvin-
Helmholtz instability in the large-scale acceleration region
and were not directly affecting the incoming particles. Seme-
ter and Blixt (2006), on the other hand, attempted to explain
the time development of multiple narrow auroral ﬁlaments
in terms of Alfv´ en wave dispersion. A narrow arc ﬁlament
(<100m) reported by Lanchester et al. (1997) had curl-like
structures moving along its length. Optical and radar data
were used as input to modelling to estimate the variation of
energy ﬂux across this structure. In this case the narrow core
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Fig. 1. Filter mosaic of the SIF spectrograph. Marked on each ﬁlter
is the wavelength range the ﬁlter transmits and the main auroral
emission species in this interval.
of the optical arc was found to contain a large energy ﬂux
of monoenergetic electrons embedded in a broader spectral
distribution. The thin optical ﬁlament and its surrounding
background were modelled using a 3-D multiﬂuid simulation
(Otto and Birk, 1993) which views the acceleration process
as a decoupling between the magnetosphere and ionosphere,
resulting in a highly time-dependent multiscale process.
Inthispaper wepresentdatafrom anewmulti-spectralim-
ager, the ASK (Auroral Structure and Kinetics) instrument,
combined with data from the Spectrographic Imaging Facil-
ity (SIF). Using these new measurements from selected spec-
tral regions, we examine the connection between narrow au-
roral arc ﬁlaments and their spectral characteristics, and aim
to further our understanding of the role of various accelera-
tion processes in the production of small scale and dynamic
structure in the aurora.
2 Experimental details
2.1 The ASK instrumentation
The ASK instrument consists of three Andor iXon EMCCD
detectors, each equipped with a Kowa lens, 75mm F/1. The
resulting ﬁeld of view is 6.1◦×6.1◦, corresponding to about
10×10km at an altitude of 100km. The spatial resolution
at this height is 20m, and the temporal resolution is several
frames per second. The instrument is pointed toward mag-
netic zenith. The aurora is imaged in three different pass-
band ﬁlters simultaneously. The characteristics of the ﬁlters
are shown in Table 1. The ﬁrst ﬁlter, ASK1, isolates the two
molecular oxygen bands O+
2 1N(1,0) and O+
2 1N(2,0) in the
ionospheric E-region. The second ﬁlter, ASK2, is used to de-
tect the forbidden doublet lines of O+ in the F-region. This
emission is produced by the O+(2P−2D) transition, with one
stronger line at 7319 ˚ A and one weaker at 7330 ˚ A. This
wavelengthregionis contaminatedbyemissionfrom N2 1PG
bands as well as OH airglow. The third ﬁlter, ASK3, isolates
a line of atomic oxygen at 7774 ˚ A. In the F-region, this line
is caused by excitation of atomic oxygen (O+e−) whereas in
the E-region it results from dissociative excitation of molec-
ular oxygen (O2+e−). ASK was absolute intensity calibrated
by using reference stars.
During the 2005/2006 campaign, ASK was deployed at
the EISCAT Svalbard Radar (ESR) site (78.15◦ N, 16.03◦ E).
The cameras were pointed in the direction of magnetic zenith
(azimuth 181.2◦ east of north, elevation 81.6◦). Measure-
ments from other instruments located nearby provide an im-
portant contribution to studies with ASK. The ﬁrst winter
campaign was planned such that the Spectrographic Imaging
Facility (SIF) would support the ASK measurements.
2.2 The SIF instrumentation
The Spectrographic Imaging Facility (SIF) is located 7km
from the ESR site, at the auroral station in Adventdalen
(Sigernes et al., 2002). The platform consists of six instru-
ments: the HiTIES (High Throughput Imaging Echelle Spec-
trograph), four narrow-band photometers and one narrow-
ﬁeld intensiﬁed video camera (McWhirter et al., 2001). The
HiTIES imaging spectrograph is designed to measure spec-
tral characteristics from several wavelength intervals simul-
taneously with high resolution. Emissions from the au-
rora pass through the slit corresponding to eight degrees on
the sky, before the light is dispersed by an echelle grating.
In the intermediate image plane a ﬁlter mosaic is placed
(Fig. 1), to select non-contiguous wavelength intervals of
interest (Chakrabarti et al., 2001). The mosaic ﬁlter was
specially designed to coordinate with ASK by including the
same spectral features. The mosaic consists of four spec-
tral ﬁlters. Panel O+
2 (5620), covers the wavelength inter-
val 5580–5650 ˚ A to study O+
2 emission, which contains the
spectral range of ASK1. Panel O+(7319) (7280–7400 ˚ A), in-
cludes the same spectral features as ASK2. Panel OI(8446)
is centered near an emission line from atomic oxygen, to be
compared with the atomic oxygen line at 7774 ˚ A as measured
by ASK3. Panel Hβ(4861) (4800–4900 ˚ A) is designed to de-
tect Hβ emission from proton precipitation. HiTIES, with its
high spectral resolution of 1 ˚ A, provides important informa-
tion about the spectral surroundings of the auroral emission
detected by the ASK cameras. The SIF narrow-ﬁeld video
camera is an ICCD imager with a <6450 ˚ A cut-off ﬁlter. It
has a ﬁeld of view of 16◦ by 12◦. The cut-off ﬁlter is selected
to eliminate long-lived emissions at shorter wavelengths.
3 Results
Three events have been chosen to analyse different auroral
structures for cases oflow and highenergy aurora, anda mix-
ture of both. In the ﬁrst event low energy precipitation was
detected as an unstructured auroral arc passed slowly through
the ASK ﬁeld of view. In the second event the precipitating
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Table 1. The characteristics of the three passband ﬁlters in ASK.
Central λ FWHM species altitude
ASK 1 5620 ˚ A 26 ˚ A O+
2 1N-bands E-region
ASK 2 7319 ˚ A 10 ˚ A O+ + contaminants F-region
(OH Airglow + N2 1PG bands) (E- & F-region)
ASK 3 7774 ˚ A 15 ˚ A O (O + e−) F-region
O (O2 + e−) E-region
16:27:46 UT
16:28:30 UT
Integration
start times:
16:27:28
16:27:58
16:28:28
Panel O2
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Fig. 2. ASK images and SIF line spectra from event 1, 2 January
2006, 16:00 UT. The top two rows of panels show ASK images
from two different times during this event. The auroral arc seen in
ASK2 and ASK3 is not detectable in ASK1, and the corresponding
SIF line spectra (third row) conﬁrm that the O+
2 emission is at the
noise level.
electrons were found to be more energetic. At this time dy-
namic, thin structures were observed in the aurora. The third
event started and ended with low energy electron precipita-
tion, with a period of high energy precipitation in between.
Rays were seen in ASK at the beginning and the end of the
event, but during the period of high energy precipitation the
aurora became more dynamic, with rapid changes and nar-
row structures embedded in a broader arc. A more detailed
description of the events is given below.
3.1 Event 1, 2 January 2006, 16:00 UT – low energy aurora
The top two rows of Fig. 2 show ASK images at 16:27:46 UT
(top row) and 16:28:30 UT (second row), on 2 January 2006.
During this one minute interval, a “quiet” arc was passing
through the ﬁeld of view of the ASK cameras. The arc is
seen only in ASK2 and ASK3. Simultaneous spectra ob-
tained with SIF are shown in Fig. 3; the bottom row of panels
in Fig. 2 show the corresponding line spectra for three time
intervals during the arc passage. The integration time for the
SIF spectra is 30s, whereas the ASK images are recorded
Fig. 3. SIF spectra for event 1. The O+
2 (5620) panel (top panel),
detects the same emission as ASK1, and is at the noise level. In the
second and third panels (panel O+(7319) and panel OI(8446)) the
oxygen emissions detected by ASK2 and ASK3 during the passage
of the arc are seen. The arrows indicate the time intervals in which
the ASK images in Fig. 2 were taken, with the same colour code.
with a time resolution of four frames per second. From
ASK1 and the ﬁrst panel of Fig. 3 it is evident that the molec-
ular oxygen emissions are at the noise level. Thus, there are
no E-region emissions. Instead the O+ doublet dominates in
the ASK2 passband, as can be seen from the HiTIES panel
O+(7319) and from the line spectrum. The 8846 ˚ A emission,
from atomic oxygen in the near infrared, is detected in Hi-
TIES panel OI(8446) and is seen in the rightmost line spec-
trum. This emission has similar excitation sources as the F
region emission measured by ASK3 at 7774 ˚ A. Assuming an
emission altitude in ASK3 of around 200km, the arc can be
estimated to have a width of about 3.5km when viewed in
the magnetic zenith. This is an example of aurora caused by
low energy precipitating electrons.
3.2 Event 2, 2 January 2006, 21:00 UT – high energy au-
rora
Shortly after 21:00 UT on the same day as event 1 very dy-
namic auroral emissions were detected, with many wavelike
forms and folds. Figure 4 shows four panels of ASK images
fromthisperiod, startingat21:13:37UT.Theobservedstruc-
tures are almost identical in all three ASK cameras during
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Fig. 4. ASK images for event 2, 2 January 2006, 21:00 UT. Rapid
changes of the auroral forms are characteristic for this event, and
the aurora is almost identical in all three ASK cameras. The bottom
row of panels shows the SIF line spectra at the times of the ASK
images. The scale of the line spectra is the same as in Fig. 2.
this event. The integration time for SIF is the same as for
event 1, namely 30s, and the bottom panels of the ﬁgure
show the line spectra for four time intervals. The ASK im-
ages have been chosen to show a snapshot of the auroral
structures from each SIF time interval. Panel O+
2 (5620) of
the spectra (top panel in Fig. 5) and the corresponding line
spectra now show strong O+
2 1N bands, as compared to the
ﬁrst event when only noise was detected in this wavelength
region (note that the same intensity scale is used in the line
spectra for different events). As time elapses the N2 bands
in panel O+(7319) become increasingly dominant over the
O+ doublet. This indicates that the emission detected in
ASK2 originates from the contaminant N2 1PG band in the
E-region. In ASK3 the emissions are caused by the O2+e−
reaction in the E-region, since the SIF panel O+
2 (5620) shows
strong O+
2 1N bands. Thus, all three cameras contain emis-
sions originating in the E-region, conﬁrming that this is a
case of high energy electron precipitation. Very thin arc el-
ements are observed in the dynamic structures during this
event. By assuming that the detected E-region emission in
ASK3 is at 120km altitude, the widths of the most narrow
structures are found to be less than 400m. When studying
several ASK images during the fourth time interval it became
evident that the small scale structures that were a character-
Fig. 5. SIF spectra for event 2. In panel O+
2 (5620) (top panel) O+
2
1N bands excited in the E-region are seen. In panel O+(7319)), the
oxygen doublet is overwhelmed by emission caused by the N2 1PG
band, which is a typical high energy aurora feature. The bottom
panel (panel OI(8446)) shows the oxygen line emission during this
event. The arrows mark the times of the ASK images in Fig. 4.
istic feature of this event were part of evolving larger scale
structures.
3.3 Event 3, 26 January 2006, 17:30 UT – mixture of low
and high energy aurora
Figure 6 shows images from the SIF ICCD imager with a
< 6450 ˚ A cut-off ﬁlter (left column of images), ASK images
from ASK2 and ASK3 (middle and right column of images)
and HiTIES spectra (bottom row), obtained at 17:30 UT on
26 January 2006. During this event ASK1 was not avail-
able. The SIF camera has a time resolution of 2.8 frames per
second for this period. The position of the spectrograph slit
is marked on all SIF camera images, with panel O+ (7319)
and O+
2 (5620) coloured purple and panel Hβ (4861) and OI
(8446) coloured yellow. North direction is shown in the top
row of images. The time resolution of the ASK cameras is 5
frames per second.
The ASK and SIF camera images show that this event ini-
tially contained rays, which within one minute evolved to
dynamic thin arcs, and then back to rays again. In panel
O+(7319) of the HiTIES spectra for this event (second panel
of Fig. 7) the oxygen doublet is enhanced and a burst of N2
bands can be seen for the two time intervals marked with
blue and green in Fig. 6. It is during these time intervals,
when high energy molecular emissions dominate, that thin
arc elements with ﬂuid-like motions are seen. During the
time intervals marked with black and red, when the oxygen
doublet and hence low energy emission dominates (see line
spectra for panel O+(7319) in Fig. 6), the aurora is charac-
terised by slowly evolving rays. Consequently, rayed struc-
ture is here associated with the presence of low energy emis-
sion, which is in agreement with the results of Ivchenko et al.
(2005). It is important to note, however, that the aurora is not
evenly ﬁlling the HiTIES panels during the rayed periods.
Ann. Geophys., 26, 1041–1048, 2008 www.ann-geophys.net/26/1041/2008/H. Dahlgren et al.: Morphology and dynamics of aurora at ﬁne scale 1045
17:35:49 UT
B
r
i
g
h
t
n
e
s
s
,
 
%
 
F
l
a
t
f
i
e
l
d
Integration
start times:
17:35:06
17:35:36
17:36:07
17:36:37
17:36:47 UT
17:36:18 UT
17:35:20 UT
N N N
Panel O+(7319) Panel O2
+(5620) Panel O(8664)
ASK3 ASK2 SIF video camera
R
a
y
l
e
i
g
h
R
a
y
l
e
i
g
h
R
a
y
l
e
i
g
h
R
a
y
l
e
i
g
h
250
Fig. 6. ASK images, SIF video camera images and SIF line spectra
for event 3, 26 January 2006, 17:30 UT. The ﬁrst column of images
shows the aurora during four different times, captured with the SIF
ICCD imager. The second and third column of images show con-
current ASK2 and ASK3 images. The north direction is indicated
in the top row of images. The bottom row of panels show the SIF
line spectra.
During the two low energy time intervals (black and red), the
brightest auroral elements are not in HiTIES ﬁeld of view for
panels O+
2 (5620) and O+(7319). Comparing the two high
energy time intervals (marked with blue and green), both in
the ASK images and in panel O+(7319) of the HiTIES spec-
tra, it can be seen that more ray-like structures are visible
within the system of arcs in the blue interval, when the oxy-
gen doublet is still strong compared with the N2 bands. In
the green period, the ASK images now show purely thin dy-
namic arc structures and HiTIES panel O+(7319) shows that
the N2 bands are dominating more compared with the weak-
ening oxygen doublet. For these time periods the aurora is
present on both sides of the HiTIES slit equally. The thinnest
arc elements during this event are measured from the emis-
sions in ASK3 (again assuming the altitude of the emissions
to be 120km) and are found to be less than 200m wide.
The difference in the ﬁeld of view of ASK and the SIF
imager is illustrated in Fig. 8, where the SIF image from
17:36:18 on 26 January is displayed in red, and the ASK3
image from the same time is overlaid in blue. The images are
in the same orientation (with respect to the distant stars), so
that objects at a ﬁnite distance exhibit parallax displacement
between the two observation points. The displacement is par-
Fig. 7. SIF spectra for event 3. The molecular band emissions
are seen during a time of high energy aurora at about 17:36 UT
in panel O+
2 (5620) (top panel) and panel O+(7319) (second panel).
The bottom panel (panel OI(8446)) conﬁrms the detection of atomic
oxygen in ASK3 during this event. The arrows indicate the times of
the ASK images seen in Fig. 6.
allel to the direction of the baseline between the ASK and
SIF (vertical in the ﬁgure). The parallax between the edge
of an auroral feature clearly identiﬁable in both cameras is
marked with the white line in the ﬁgure. Since the shapes of
the aurora are practically the same when viewed stereoscop-
ically, they must come from a rather narrow altitude region
(otherwise the features at large range would exhibit smaller
parallax shift). From the scale plotted to the right, it is ev-
ident that the altitude of the emissions is about 100km. It
should also be noted, that in this case the position and shape
of the emissions in ASK2 and ASK3 cameras are about the
same, indicating that they originate from the same altitude.
This suggests that most of the features seen in ASK2 come
from N2 contaminant emission, which is also strong in the
HiTIES spectra (see Fig. 6).
4 Intensity ratios
By analysing the intensity ratio of the O+
2 emissions (de-
tected in ASK1) and the OI emissions detected in ASK3,
O+
2 /OI, it is possible to extract information on the energy
distribution and differences in particle ﬂux during an auroral
event, when assuming emission from the same altitude. Fig-
ure9ashowsimagesfromallthreechannels, takenduringthe
high energy event (event 2) discussed in Sect. 3.2. The au-
roral structures are similar in all three channels at the same
instant of time. This means that the emissions originate in
the E-region, as expected for high energy precipitation. If we
study the ratio of the ASK1 and ASK3 images we see that the
intensityratioisnotcompletelyuniform(Fig.9b). Thebright
auroral arc element stretching in the east-west direction and
situated to the north of the ﬁeld of view is still visible in the
ratio image, as well as an area of intensiﬁcation equatorward
of the arc, to the left in the image. A darker region is situated
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Fig. 8. ASK image (blue) plotted on top of SIF image (red), to
illustrate the difference in ﬁeld of view, and the parallax (white line)
caused by the 7km distance between the imagers. The grid step is
0.01 rad.
north of the ﬁlament. These three regions are marked with
blue, green and red in 9c, respectively. A higher ratio means
that the O+
2 emission is relatively stronger than the OI emis-
sion in these structures. The reason for this is that the ratio of
O2 andOconcentrationisrapidlydecreasingwithaltitude, so
that a higher O+
2 /OI ratio indicates lower emission altitude,
i.e. higher characteristic energy. The assumption of the same
emission altitude for O+
2 and OI may seem counter-intuitive,
since one expects the low energy to excite OI primarily in the
F-region, and O+
2 should come from the E-region. However,
both emissions originate at altitudes where energy deposition
takes place, which is a relatively narrow altitude layer for
high energy precipitation. The ratio of emissions is roughly
determined by the ratio of the parent constituents (O2 and O).
Of course, if mixed energy precipitation is present, the only
accurate way of reconstructing the precipitation energy dis-
tribution would be to reconstruct the three dimensional dis-
tribution of both emissions from the image plane projections.
Identical morphology of the aurora in O+
2 and OI channels
is a good indication of the applicability of the emission ra-
tio analysis, whereas presence of features with clear altitude
separation of emissions and perspective effects means that a
more complicated analysis should be employed.
From the ratio image the three regions with different in-
tensities can be discerned, and if we plot the ratio of O+
2 and
OI emissions versus the OI emission for each pixel in these
regions (Fig. 9c), and mark the pixels from a speciﬁc region
with the same colour as the region, we see these that each
region has a different mean ratio.
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Fig. 9. (a) Images from ASK1 (O+
2 ), ASK2 (O+) and ASK3 (OI)
at 21:14:02,750 on 2 January 2006. The north direction in the im-
ages is indicated with an arrow. (b) O+
2 /OI ratio plot. (c) ratio
plot marked with three regions with different characteristic intensi-
ties (d) plot of ratio against OI emission for each pixel in the three
regions. It is clear that the three regions have different ratios.
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region is situated north of the ﬁlament. These three regions
are marked with blue, green and red in 9 c, respectively. A
higher ratio means that the O
+
2 emission is relatively stronger
than the OI emission in these structures. The reason for this
is that the ratio of O2 and O concentration is rapidly decreas-
ingwithaltitude, sothatahigherO
+
2 /OIratioindicateslower
emission altitude, i.e. higher characteristic energy. The as-
sumption of the same emission altitude for O
+
2 and OI may
seem counterintuitive, since one expects the low energy to
excite OI primarily in the F-region, and O
+
2 should come
from the E-region. However, both emissions originate at al-
titudes where energy deposition takes place, which is a rela-
tivelynarrowaltitudelayerforhighenergyprecipitation. The
ratio of emissions is roughly determined by the ratio of the
parent constituents (O2 and O). Of course, if mixed energy
precipitation is present, the only accurate way of reconstruct-
ing the precipitation energy distribution would be to recon-
struct the three dimensional distribution of both emissions
from the image plane projections. Identical morphology of
the aurora in O
+
2 and OI channel is a good indication of the
applicability of the emission ratio analysis, whereas presence
of features with clear altitude separation of emissions and
perspective effects means that a more complicated analysis
should be employed.
From the ratio image the three regions with different in-
tensities can be discerned, and if we plot the ratio of O
+
2 and
OI emissions versus the OI emission for each pixel in these
regions (Fig. 9 c), and mark the pixels from a speciﬁc region
with the same colour as the region, we see these that each
region has a different mean ratio.
From the same event, Fig. 10 a) shows images taken at
21:14:14,500 UT. At this time a curl/fold is passing the ﬁeld
of view, and again the auroral features are detected in all
three channels, indicating high energy aurora. The ratio of
O
+
2 emission to OI emission is plotted in Fig. 10 b). This
time, the ratio image contains little structure and is almost
completely smooth. This is also evident from the ratio plot
in Fig. 10 c), where there is now only one main ratio value
for all the pixels. This means that the O
+
2 /OI emission ratio
is close to constant over the image. Thus, the curl seen in
the individual images cannot be the result of varying precip-
itation energy in that region, but must be the result of higher
particle ﬂux in the curl, compared to the surroundings.
5 Discussion
Davis (1978) and Haerendel (1999) have both pointed out the
importance of considering the imaging contrast of narrow ﬁl-
aments, since their apparent width will depend on this prop-
erty of the imaging system. The brightness of thin structures
in many cases is found to be only 10% above the background
level. Figure 9 provides information on the contrast between
the bright horizontal ﬁlament detected at 21:14:02,750 on
2 January 2006, and its background. The ratio plot shows
that the intensity of the OI emission varies between approx-
imately 1300 R and 4000 R in this image. The amplitude of
a)
d) b)
600
500
400
300
200
100
0
800
600
400
200
0
3000
2500
2000
1500
1000
500
0
R
a
y
l
e
i
g
h
R
a
t
i
o
 
O
2
+
/
O
I
Intensity OI
0.2
0.0
0.4
0.6
0.8
2000 3000 4000 5000 1000
c)
Fig. 9. a) Images from ASK1 (O
+
2 ), ASK2 (O
+) and ASK3 (OI) at
21:14:02,750 on 2 January 2006. The north direction in the images
is indicated with an arrow. b) O
+
2 /OI ratio plot. c) ratio plot marked
with three regions with different characteristic intensities d) plot of
ratio against OI emission for each pixel in the three regions. It is
clear that the three regions have different ratios.
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Fig. 10. Same format as ﬁgure 9, for images taken at 21:14:14,500
on 2 January 2006.
the brightest parts of the ﬁlament is thus 200 % that of the
lowest intensity of the aurora. The same comparison can be
made for the intensity of the OI emission in Fig. 10, taken at
21:14:14,500 on 2 January 2006. The intensity of OI varies
here between 1500 R and 3300 R, which gives a contrast of
up to 120 %. Lanchester et al. (1997) also discuss the im-
portance of contrast when studying auroral images. In their
event, also discussed by Haerendel (1999), an arc in the cam-
era ﬁeld of view appeared as a narrow ﬁlament of 100 m
width, only when the exposure time per frame was reduced
to as short as 2.5 ms. At longer exposures, the arc appeared
as a wide and saturated feature. The exposure time of ASK
in the events described here is 0.2 s, so that a narrow arc ele-
ment moving rapidly across the ﬁeld of view will be smeared
out in the image during this time.
For the high energy event, the O
+
2 /OI intensity ratio was
studied. If the ratio is not uniform this means that these re-
Fig. 10. Same format as Fig. 9, for images taken at 21:14:14,500
on 2 January 2006.
From the same event, Fig. 10a shows images taken at
21:14:14,500 UT. At this time a curl/fold is passing the ﬁeld
of view, and again the auroral features are detected in all
three channels, indicating high energy aurora. The ratio of
O+
2 emission to OI emission is plotted in Fig. 10b. This time,
the ratio image contains little structure and is almost com-
pletely smooth. This is also evident from the ratio plot in
Fig. 10c, where there is now only one main ratio value for all
the pixels. This means that the O+
2 /OI emission ratio is close
to constant over the image. Thus, the curl seen in the indi-
vidual images cannot be the result of varying precipitation
energy in that region, but must be the result of higher particle
ﬂux in the curl, compared to the surroundings.
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5 Discussion
Davis (1978) and Haerendel (1999) have both pointed out the
importance of considering the imaging contrast of narrow ﬁl-
aments, since their apparent width will depend on this prop-
erty of the imaging system. The brightness of thin structures
in many cases is found to be only 10% above the background
level. Figure 9 provides information on the contrast between
the bright horizontal ﬁlament detected at 21:14:02,750 on
2 January 2006, and its background. The ratio plot shows
that the intensity of the OI emission varies between approx-
imately 1300R and 4000R in this image. The amplitude of
the brightest parts of the ﬁlament is thus 200% that of the
lowest intensity of the aurora. The same comparison can be
made for the intensity of the OI emission in Fig. 10, taken at
21:14:14,500 on 2 January 2006. The intensity of OI varies
here between 1500R and 3300R, which gives a contrast of
up to 120%. Lanchester et al. (1997) also discuss the im-
portance of contrast when studying auroral images. In their
event, also discussed by Haerendel (1999), an arc in the cam-
era ﬁeld of view appeared as a narrow ﬁlament of 100m
width, only when the exposure time per frame was reduced
to as short as 2.5ms. At longer exposures, the arc appeared
as a wide and saturated feature. The exposure time of ASK
in the events described here is 0.2s, so that a narrow arc ele-
ment moving rapidly across the ﬁeld of view will be smeared
out in the image during this time.
For the high energy event, the O+
2 /OI intensity ratio was
studied. If the ratio is not uniform this means that these re-
gions contain precipitation of electrons with higher energies
than the regions nearby, since an enhancement of O+
2 is a
signature of high energy. This is what is observed in the ﬁrst
ratio image; the visible arc element in the three ASK chan-
nels is the result of higher energy precipitation compared to
the surroundings. About 12s later a fold is seen in the ASK
channels, but this time the O+
2 /OI intensity ratio is smooth.
The brighter fold must be primarily a result of higher parti-
cle ﬂux, rather than higher energy. Combining the ratio with
modelling of emissions will allow a quantitative determina-
tion of the characteristic energy. A full analysis of this kind
is beyond the scope of the work presented here, but will be a
subject for future work.
Borovsky (1993) presented a number of theories to ac-
count for the production of auroral arcs with widths of the
order of km, but smaller structures still lack a complete un-
derstanding. Optical and modelling work (Lanchester et al.,
1997,2001)indicatesthattherearemanydifferentscalesizes
operating in the lower magnetosphere, often producing nar-
rowintensefeatureswithinalarger“arc”region. Thebroader
features can be explained by the theories above, and in the
case of arcs with a width of the order 10 km the energies are
consistent with an acceleration mechanism that could pro-
duce the commonly observed inverted-V distributions in en-
ergy. The very small scale structures requiring a full theo-
retical explanation fall in the range of typical auroral widths
found by Maggs and Davis (1968). Trondsen and Cogger
(2001) used the narrow-ﬁeld Portable Auroral Imager (PAI)
to observe auroral structures with thicknesses of less than
120m. ASK has a similar spatial resolution as PAI (20m
compared with 10m for PAI). In the three events studied here
the narrowest width is ∼200m.
6 Conclusions
ASK is a newly developed high resolution optical instrument
to observe small scale auroral features in several emission
lines simultaneously. We report on the ﬁrst results from
this imager, where auroral morphology has been analysed
based on the relative changes in the characteristic energy of
the precipitating electrons. Three events from the ﬁrst cam-
paign were chosen, with different energy signatures. Emis-
sion spectra from the SIF spectrograph were also studied in
conjunction with ASK operations to provide spectral infor-
mation on the source of the auroral emissions.
These events suggest that the aurora is much less dynamic
during low energy precipitation than during events with high
energy precipitation. Rays are primarily seen during events
with a mixture of low and high energy precipitation, whereas
rapid, thin ﬁlaments are signatures of high energy. This ob-
servation will be explored further in a following paper. The
widths of the auroral structures are also of different scale
sizes in the two cases. In the low energy event the arc that
is slowly drifting through the ﬁeld of view has a width of
about 3.5km, whereas arc elements during the two high en-
ergy events show widths of less than 400m and 200m, re-
spectively. A more extensive survey of auroral widths is
planned with the ASK data, with the aim of understanding
the processes that produce these dynamic and ﬁlamentary
structures.
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